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(54) DC/DC CONVERTER AND ITS CONTROL CIRCUIT 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a DC-DC converter achieving high- 
efficiency, small ripple control even when lightly loaded and a high-level 
response capability in load changing. 

SOLUTION: The control circuit controlling the operations of both a 
switching element and a current circulating element, provided on the DC- 
DC converter, contains an arithmetic circuit prospecting the current flowing 
through a reactor. Thus, the DC-DC converter controls the switching 
element and the current circulating element by using an operand value of 
the reactor current. 
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"f^mm^n^'ptj: < t^—Dcozi v^v-y-^^t-o m i oaj^mjEA^n i corn 
mizmti^'f'T-mm^n. m 2 otatimzis^^ 2 (Dmrnizmtim'^'T^i^-^n^ 

o 

[0 0 10] 

'<-J^>'7m'^iS-=r'J^imUm^^zJ^^LTKtl^m^t.\tit^^^^f^^ 
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B/E^^>wtli:^«J^^a■rm2 77■<-K/\"'y-^7^i^:&^^iE-r^o t'-j^ji/ 

[0 0 1 1 ] 

>hP-^<h^^t-^o xv^'^;U=]>hP-^l±. {±i«?-?<7)tti:timE3fci<SIS 

[0 0 12] 
[0 0 13] 
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isf clock Tm^u "^tutx^^y^y^^^mzmmi^ti^x^y^y^^m'^mL 

f switch J:t)^L<;tjiT'S^o ^'^'P'y'^-y-'f -i^yU^xv^^yUn^hP-^li 
[0 0 14] 

D c tatimK^m^t^o t-j^ju^i > h p-^^-j? p ^m^m f doc 

kTK^^L. ^ntiX-f'y^^V^lElSSlcF/TM^DX-r'y^^V^i^^Sijff switch ctti 
[0 0 15] 
[0 0 16] 
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[0 0 17] 

[0 0 18] 

•So 

[0 0 19] 
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m-kizit. xtii^^^iii:h^^izmmi-^. mmm^is^±mn^^mxz±mr 

^m-^lzit. iiitstQ^^<f^>['^zmm-:^-\i^o 

[0 0 2 0] 

igi^ijrn^^^its:^!^?. ts^tf7<^^^tmtim^^mxmzmmr^'pisi< 
t'^—':><Dx-ry^><fmm^mT^^s.iy^3.iy-^^mf^-^M^:f5mzjpii,i- 
en^o mm-m^itx-^^y^xfrn^miz'^m-^tis ^m^m^it. x^^y^y 

thttm^ammt^tL. tatti^^TaymtimjE^mmmiz—m i^^Mzmmr^a 

[002 1] 

mm^ti^^i^iiitti^^^. is^zfxtit^i'tiiitsii^^^m^^mz^mt^mmo 
7.^^y^y<fmm^mr^ms.\y^iL \y-'^^mv^-^-^^i5yi:\,z\^\>^i=>n^, i^ 

EE^^mmz—^i^^iuizfjmu x-cy^><f\simi. mucDiM.m^i-y'izy \- 
ts^Tj^mo±ihtin^^mmmizm!S.r^<i:z>^:^^7:iiitim^^At}^7-^ 
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[0 0 2 2] 

jsiirn. tA^5i5<7)fflMMMos (CMOS) ^mm^iz<kr:>TW(Dyn-izx^m 
'>;*--ttSo P>hP-^«x5>'^;U$!l^ai7';HJUXixTiJbf^U ^oif-g-. Sbf^ 

[0023] 
[PLl^iHP^] 

o A-ii^m. mwi^n^'A^m&ynm fcj;u=«jEffF^®iaAVnon, 

m^um^ . 2 e i . s .itvu h y . mjEi^s^H a v nom itnm 

mVT'feSo X>r'>5^:y^U4=^aU— 1 Oti. A^fiS? 2 0 «h iii^^?^ 2 2 
<DDC/DC=]>K— $?<t LTflKo X'r';/f^>'5^^=riLU-'$? 1 OJis A:^<^ 

?2 Ot7)At)mi±Vin:&, ii$!Fmi±Vndjon, (OnBmm y nom p^iz^ ^ tUtim^ 
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-5 1 8 Its (.m^^<o^ -5 mE.m i 2 ^/ctisy^mjiaiic j; o Tm:^^«tijs^ 

[0 0 2 4] 

stilts mm(Dnmiz3mr^^-Cs mm^ f-^^ie-^^T^j *-t±§o 

[0025] 

zr(o^m^^2 6it. ^tiy^)\y'$i2 8^^Lxiiiti^'?-2 2izmm-^ti^o x 
mr^o thtiy -01^^2 8 it. ^(Dmm^mtiti^'F 2 2T(ommmzDC7:^& 

hP>/^— h?J<Pv^l?©fte<7)SJEU4^aU-^ h/KPv^Hct 
[0 0 2 6] 
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. mi^mm-:^nrcv-xt^miM^2 eizmm^nrc KKVct^^r^MitD 

h ^ > v'X^ 3 2 (D<fc -P feM3lttff^^t>o M 1 0) h ^ >v^'X^ 3 0 P MM O S 
(PMOS) xy^-rXT'J:<s m2<^>h^>>>'X^3 2t±NMMOS (NMOS 
) x/WXT*«J;t\ f^§<»:LT. m2a)h^>>^X'$»3 2tt. M^^RTt^i:^^ 
^olZ^^^-\^izm.^?L^t\ ^tcit^-C^-\^T*m^LT't<i:l\ nMi^ 
2(Dh^V>>'X^3 0<!:3 2li^n^n> $'J®5'f>4 4a<i:4 4b±a)X-l''y 

^y^m^Kzja^jmm-iEt^^o ^ti^'<)\^^2Q[t. ^m^^2et.^ti^^2 

o 

[0 0 2 7] 

mi h^>->X^ 3 0 6^fflL:T> m2CDh^>i>X'$? 3 2«^^%^Tt^^lt•& 

(PMOS ^iitieai) X ^f^^=F 2 6 limnjii i 2 tciggs5-n. mjE3s 1 2 

m^(Dh^ 3 0 LTMM 1 4 tS,^X}-f>^<7 ^34 lcx;^t;U4i-^ 

«Ji^ (NMos^ii^^) . ^m^^2 6imi^mm-^ns '<y^^^34\z 

[0 0 2 8] 

U-^" 1 6 lim 1 tm2(Db ^ >i>X^ 3 0 «>: 3 2 <7)^tl^n(7)m>Jft^i!l 
^t^m^ tm2(Om^-il>-*t4 0t4 2^^tSo ^X-JJZIVhP-^ 1 8ti. 

®9iE-b v+f 4 0 <fc 4 2(Dmm^m'^mmmTiuis*j xuco^mT^^mt^o § 

t»iwi) o ilttCx m^<om^'t>■*t3 0t•^^(Dm'^(Oiiit^^'i'>4 4 c±(Dim^it 
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n-tf'e>j\'<^X'<^y^><f-$-^o mmz^ m2(Dm.7^-t>v-4 2tf^s(Dm2<D 
tattoo 4 4±(Diiitimmt. micDh^y-jx^ s i^^m^m.T^ti^miiDY' 

[0029] 

m— (7)til:^I^'f>4 4g:&JT$fiJ6-r5cl:55t^lC^^I*-nTt.cI;L\ C 
iDli^. v'X^DVhP-^ 1 8' ft^^J^f XU-W-PMOS (H 

KDh^vv-'x-?) iy^^TcitHMos (m2(Dh^>-jx^) mmvtmcDi^rtL 

T'Sa^tHzm-^^^T. ai^^-<>4 4g±®{i^gi. g2 gn^^mi ^tclt 

[0 0 3 0] 

m 2 ^mmr^t. m?n£m i (omm-n 4 o ^(Dsastt-tr >-9-t±. »^ h 

thony Stratakosft6tcJ;oT|plBiaJiii*-nx *%0^a)ai§AtJ:li;gl*-n/c7l^ll!it 

fFaiMmo 9/i 8 3, 4 17^ m^m^(oiA^j iciBm^tizfcy. 

fism^Ms 4^3sn§„ im^5 ecoy^xxtnt. mmb'p>-Jx^ s 2<d 
it^m^'1'2 eizmmnEtiTi^^o im?&(Diiitiitmm^'<>44 cizmmn^n 

Tt^;5o m2<DS5f£-b>+f4 2t,pl«tc^i^5-nS6\ NMOS h^V5>'X^lc 
[003 1] 
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MJ±Vnode It. Vnode =Vin- (RrX I ref ) tC<fc O T-^:^ 6tL> JIoTRrI* 

['^>>^X^ 5 2<ommmn.T^&V. —:f5. 4'F^iS^^2 6Z'a)mJEVint Vi 

nt=Vin- (RPX I slave ) T^^TL^tl. C CT'RPli/^^— h^Vi^^X^ 3 0 

flJigJaT'SBSo mmV3 yVT.^ 5 2 h ^ Vv^X-5?m^T'iaf^* tlTL^S 
y\°'7- h^>i>^X^tD}g*T;RPli»^h^>v'^'$i 5 2<DRr(7)1 /NfglcUKe*] 

tCl?L<. ti^oTVnode =Vin- (RpXNXiref) ^fc^Ux XU-^^'mSSlsl 
ave jb^NX I ref KSJE Vnode litf^P^mEE V int ^^)-k1^<. 

^^•5o fifoT. I slave *^Xlx'y->a;l/Km3ltNX I ref J:tl^# 

t^Ji^x m5S42>it4otiai:^^>r>4 4 c^^L^ffl#^ti^^u — xu- 

T^'W'^S I slave A^;?.U'yi/a;U K^SSN x I ref J:^J^gL^ii•&. Slp5>r>4 4 c 
CO 0 3 2] 

2f@tDS^^-t!>-9-4 OfcJ:0^4 2tix M^^Xb'Vv'a^UKmSitTpcross fed; 

t^Tncross ^^^fS J: 3 ICM&^SSIpm'^iE I ref ^^U^T:^^LTt, cfcl\ M 

1 a)®5iE-b V9- 4 0 1 <©X U •> 5/ a ;U K®'5it T pcross li. ^ 2 <7)^5S-l2 > 
■9-4 2ffl©M2a)Xlxu/5/a;UKm'3STncross «J:y:^^<T*»<i:L\ tifoT> X 
I slave A'^XUyi/a^l/KW'^Tpcross J:t);*;^L^it-a-x 

4o^^^l^^i^:&m:^IL^ xu-3?'mj55t i slave ^b^xu-ye/ayuKmssxpcross 
5fe^<Dii^. fSLMt^^ai:^-r§o unite. ffiirLHzv-«t4 2t±. 7.\y-:xm.yk\ 
slave A^:^U'>i/a;UKm2SiTncross J; U :*:#t^li•&x {U^^-T > 4 4 d tc^L^ 

^^^ffi^U XU-I^^SSS I slave 6^XU->>>a;l/K®3!tTncross 5fe^(^>li-& 



t. 
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[0 0 3 3] 

:?'m-^lsiave 6\ #X-<-y5^>^^-9-<^;UT\ O^tl. =S-P MO SJJcfctf N M 
O S (7)»il4^SlT\ '>^<«!:^>— ocDXU'yi/3;l/K<i:3SMT^^o XU>y->a 

Km^^Tpcross XL^-7m3S I slave l^'V 3 71/ K^1i<jO^(D*l\ Jt 

3 ;U KmSitTncross J: ^< ^ttmdf^6^L^ — IIS(i(7)J^HITi±. H 1 flDX 
y->3;l/Km5STpcross (ij!8ti8 7'>^y'T'cfc<. flfiT^. m2cDXIx«y5/3;U Km 

iJlETncross li^ 2 7^ >^ZT<J; t\ 

[0034] 

. XU-:?113IEI slave (0;^U'>'>a;UKffi5iiTpcross ^mTL^m-^. W 

3iE-fe>-9-«mi<Oxv^^;U^^^^figT**. XU-:?^ffi'5lt I slave M2(7)X 

U'y5/3;UKm5STpcross2 ^s^sif-^^ ll2a)xv^^;ufi^:&^fiKT$5x 

[0 0 3 5] 

milcMoTx ^tci520^Lfccfc3tC, tB:?a4ffi?^2 2(7)tiJ:^«J±Vout ti. y'X 
6a)m-3iL-b>-9-4 0i5«fctf4 2;b^ea)ai^^'1'>4 4 ci5j;t/4 4d±0D 

xv^^-s^ynui^fs^^&sttisso m3it-t>t>-A^6(D7iy^m:^mHVout fej^t/tu:^ 

[0 0 3 6] 
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C^y y±lzm7^^nT'^<S:(^\ ^f- :^JitJt3l50 CMOS 1S.yk^%m LTiaii 
[0037] 

>yj><fm^6 O^-^tSo ^(DV->yj><fB^6 0it. Anthony Stratakos 
m5^j2^*tl^. 1 99 7^1 2^1 6attJM(3D7l$lli|#^ajMm08/99 1. 3 

^^ztt-yy'JXf-^nrcmmt. T^n^fy'^iy^ju (a/d) zi>/^-^6 

[0 0 38] 

44c(h4 4d3b^6ai:tl{i#ci, C2 cn,<»:di. d2 dn^. ^LT^ 

as-57p.y'^;b^e'J'p>>'5'<i^6 6^§t:f-is^o ^u^^m^e e[t. ^^ouy 

fc«^X^zi>hP-^5^'>:^±(D'^P'y^tcJ:oT^^ig*nTt.J;t\ 

•j^i^jftlfcf clock ti. X'r'y5^>'j^iHiK2 4 cox-r'^^^v^jiifiiiff switch 

totUi, 1 o~i 0 ofgi;<-r«(7)30«<fci% LA^U -J^p.^^jn-^^litf clock 
s X^'>5^>'9V4i'iLb-^«t:y'X^=i>hP-^6^ffil±3itJ::*:^^ KU-TV^ 

tifiKrs«^;g<-r^^Tii^t\ ^a. ^^P'^^jij^i^fciock tiT-r'i^p:^ 
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«$5 3 3 M H z O^m^WL f clock TSSo 
[0039] 

E13A^#E!^LT. ^;^^zi>hP-^1 8' OSUtDHaili. ai^®JE*!:ii*9» 

y<7V^<7Mzis^f:s>tiitimz(Dm. f ^fe-^ Voutw -vouttn-i] , ^ay^r 

±n<f (D/A) i]>y^-^6 8lc<^oT. 7':^□'^^'SJE^ci^^^nrt,cl;L^ 

6 0' iijt^-rsi:) > ^*jmmr'^'JMm(DAyDzi>j^-^i3<^T^i^^, 

l±}:^^-r>'4 4 c«h4 4d6^6<Z)ai:^fi^ci, C2 cn, td^. d2 

SSU = «y h ^-r > 4 4 h ±<7)®»JISfi-^^SttlXS a)(Tlc0 1 A:&#{B LT 
[0 0 4 0] 

^CfcL^T l-^y-yX^ sots 2^$iJ®f Sfca6lC. -^f-rS V^"^-<V4 4 a t 
4 4b±^D$'J^al^t#a1. 3 2 anJJcfclfbi. b2,..., bn<D-tZ'y h^r^^f 

So ffiSfEM^^tcS-i^t^Tx x5/^;u«ir^7';i/il'JXA6 4i±. #;^u-:?'©x-< 

jEfF§i6HAVnom mizmnmzfim-s^n^j:viz. pmos h^v5>^xi$i 3 o 

A^P^CTNMOS h^>>^X^3 2*i«^#*^ONMOS h^y'JX^ S 2t^mC 
TPMOS h^Vv-'X-? 3 06%^^. ^/ctiPMOS h-^Vi^X-J? 3 0 <!: N MO 

s h5>yx^ 3 26^<i:ticM<. ti^'^vzm^m^r^o 
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[0041] 

i'twtLz. mi A. 3Afccfc0i 3 A^mmT^t. T:^^=]>hp-^i 

A\ *^^*yffll5-r>4 4h±lC. PMOSttHI^J^aSl^^ei, e2 cn, NM 

O S Wm^m^ f 1. f 2 f N , ^ LTS3^/^35^^- Kib»J?ia]«^ h 1 

, h2 hN. ^^mt^o 9^\z. 7.\y-yt'^PMosmmm\,z7.-(^i/=}'y<f 

^n^H^s ^X-J^ziV hP-^t±x PMOSt^Hg$'J^a]^-r>4 4 e±lcy\°;UX 

^X^PVhP-^18' It. NMOS*^^$!l^ai^'f>4 4 f ±lcy\°;UX4 
9 b:£ttS:b-rSo :2|->5^«y:^'<>'S»-:^'>'^4 8li. ^^^$lJ^al^-f >4 4e±(D 
/\>X4 9 a<3!)3i±*^»JX'yv?^, P MO S:K^l^7.U-:?'1 6:&X-r-y^>^ 

-r>4 4b' ^p-ic^^-rsji<hicJ;^TX'r'y5^>"$^r^o isic. i^Hg^ij^ 

■^tl^o mtfx $«J^ai^'<>4 4a' :&P-lCsg^L. nfm^-OAAb' 

0 14 2F«ga)Ji;®§ff5 e^-f^^-T^^u-r^^^iiLTfffilR-r^o 

[0 0 4 2] 

-(OtH) s X^y^y^mmtmMs Xb-:?'«3it l slave A^m<^>i:*lJ:i!){'^ 
■rs, LiS^U NMOS h^>v^X^3 0A'«F^i:Tt^Ts T^^ge^- HKf^i'J^ai 

NMOS h^Vv-'X^ 3 O^ScfctfPMOS h^>5>X^ 3 2 1±<!:^>IC, XU-:/ 



(36) 



?f52002-530036 



[0 0 4 3] 
[0044] 

m^^mmi^T. ^<7n^y<7^j-^<7)\/T clock miz. m?Li£<7ayi7m^WLfc 

lock 3b^$tj3 3MH msOi-yfmiZ, y=i^'^MmT)\/ZSUXL. 

6 4^tm^y5^^ oo^||^TLTt,«J;L^ §iJffli7';ud''JXA6 4ti. 

lc5^tLT^<DXU-::?'<D'l'>iS^'j7'$? 3 4 (Dm>j?t^arJt^«-^ I estimate 

0 2) „ $«J^7';HJ'JXA6 4ti^/c. tUti^^ 2 2 ±<omm 

mtimK^mrmmm^vdes ^w^ML 0 4) . >r><$f^^^^L 

T^i^ij:3SA-r§ii-r<D^3S^^-rmM^^'3iE i total ^i+^-rso5T% tatim 

Xl^-T^'^j^l^L U5^>y:/"1 O 8) . ^XU-:?'tCx^t-r^ma«3ft I des ^n- 

2 tz) h ^ >>>^x^ 3 0. 32 ^$ij^-rsoT\ X \y-^^(T>'^nMt?m.'^n^ I 

total midfmam^lt^MA I total iOlSHF«gT'IIL<^S (Xx*y 

12) o ^^^^(Dzn^cDXT'yyitiurFT'mizmmiz.mmr^o la^u it 
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[0 0 4 5] 

m'i tms ^#Bs m^m^ i estimate liXT-y y^ 02 T-nn^ti^o 

V inductor lJ:it^Jt" 
[0046] 

[^1] 

V =Z— (1) 

Indmcior ^ ^ ^ ^ 

[0047] 

^i^Tlrtlx 3 4 tC^^A^^SaBEV inductor ^ "Tito's V out -V intetmed 

V inductor ^tilcJ:oT'r>^^^«7)W3S^M'>*-y:So PMOS 

xu-:fm'^ I slave <D4DiB (*<i^i^7 0T5^r) ii:s5ciCr-^^ 

[0048] 

[^2] 



[0 0 49] 

—■n. NMOS^iitt^<7)P^. Xlx-:?^m3!tl slave <D43iEli:A:^T'-^7Letl 

So 

[0050] 

[iCS] 
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dl Vout 



It' l 



[005 1] 

mmm^ i estimate (Hfg 7 2 T'S^r) □ y -5'-9--<^yu^tciiiMi*-n«o 

P MO S^jitt^OPda. Ji^mSS I estimate l*-^ P -J^+f -^^/H^lJ:— ^ 
m'^m^ I estimate t*^ □ ^tf-r ^^UStC— ^iUlBTTPif ^fS A I down IZ^ 

■oZm^J^-^n^o — ^^IB7?±^^5<fetf™-r«A lupfc<i;I5A I down ti>j5;!^T' 
[0 0 5 2] 

[^4] 



K V V 

^ ' J clock ^ ' J clock 



[0 0 5 3] 

So 

[0 0 5 4] 

iifa?fiittA I up <J:A I down a)^|aJS^^:^5U^T^t!^<^:LT^^ffi*nT^,<^:<x ^<D 

tj:l\ VtmtLT. Vin. Vout . fcioci< ^J^Z}L(OmcO—^U±lt. T.'T'y^^ 

*SJ;aicA I up iA I down a)lltta[©/cA6l«:^^*n^I^#tiTtcl;t\ 
^6^6s -r>^^^>XLi:A:^m35Vinl±. iE5ilJ:l±¥iJ6-rs ^^lc<feoT^ 

-fbU ^tc^^t[^e>^^^tmtt^o tieoT. Jt^mSS l estimate ti. HHKO 
7.l^--7m'^\s\aye ti'e>rtl^o ^©SK^x lll^a)XU-:?^ffi3iE I slave luJ^L 



4. 
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llt>«?Jt^^5iE I estimate Jl^^ ^t^^ tt^ilS^mttSii^o ^<7n^y^V^ 

<7)UT\ 7.U-y<Ofclsb<r>m^mM I estimate 1S\ ^ 0 «!: 4 2 A^S^T) 

[0 0 5 5] 

El 6 A El 7 A LT. P M O S ^jit^^ttJ. 3t^S3it I est imate 3b^±ffliJ 

® X U 'y 5/ a ; U KmSit I pcross SfeMT'S ^ t\ m^SHz V9- 4 0 6 <7) ai:^!^-^ c 

^ty\'<<om'^l^^t. Jt^msiftt i pcross tc— S[t"«j;aicJt»D?ns„ see 

tm7B LT. }i^m'3St l estimate 6^±ffllJ^DX U «y 3 ;U KmSit I pcross 

^mX^iS\ tt5^fi^ClAM£L>il#lZ:ti, Ji^^jjft I estimate \t. ffi^ft^ C 1 

AVx-flC^^^TI pcross iC^/ctl^o Ei6Cc!:S7C:&#BSLTs NMOS^ 
a^^l+^x Jt^ffiSiE I estimate 6^TfilJa)X U 3 ;U K®^ I ncross J; U ±lC^ 
S3b\ HSit-bVt^ 4 2 ^b^eODttl:^^-^ d 1 AMet>ii^l±. Ji^mSit I estimate \t 

I ncross ic— S cfc "5 M.-^ icjjgE'^^-nSo El 6 d 13 7 d :&#bb lt. JiSm 
Sit I estimate ;b^T{i!lOX U'y-> 3 7b KmSit I ncross ^TIsJoTfaTf^A^ 

1 A^^L^Ji^. Jt:£m>J5t I estimate [t^tlm^d^ *lM£< I ncro 

ss \,ZUn-!Etl^o W^W^ I estimate ©ft-Stt. ^ 1 ICg^tj^tl^o 

[0 0 5 6] 



P MO S 


estiraat« ^ I prroiiK 






c, D- 


I pcross I •stimatd 


aabimat« ^ I pcross 






c, D — 




NM 0 s 


^ HuLifiiH^.H ^ I ncross 


d ,^^^' 


A I„„(C<t o-C I 


d , P — 


I ncroli I ..tlm.t. MiP 


^ ealimala ^ I ncross 


d -r 




d , P — 


A T ,„t I Ma> 



s 1 



[0 0 5 7] 

iht"^ J: -5. PMOS<!:NMOS »jlti^Bla)F^<3!)X-f ^^V-J^il^tc— oJ.X±<5D 
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[0 0 5 8] 

-r^X-<-y5^>-i^;rtiSBtti:itsm'3lt I estimate fi^SIEi^nSJi^ii. ^gjE^iU 

ATdelay X A I up X f switch tt^X^ =1 > h P— ^A^aj^fg"^ C 1 <D^<k^§tt 

'<f^e>a-^x^^y^y<fi^n^mum^m^i\ estimate A^isiE^-ti^if-a-v *i 

iE^UlATdelay X A I down Xf switch lim^W-^SA^eMS^tL^o f^^i: LT 
. (^1 TiI^*nS I ncross I pcross (DTCWfjl^Jltifr^F^) 1^— ©^^^ 

tiv MiE^UfTdelay X I up X f switch 
lCj:U-;i'>*tlTt<J:<. U'>-> a yUKmSS I ncross Ji^giE^igjTdelay 

X I down Xf switch lujioTx mijwLX'^^<m8^mmr^t. msimEEVdes 
ired ti. XT^'y^^i 0 4-eii»^7^nT. ai :^mjEv out tr'i^ifa^ajivnon, ©miii^ 

#ffiHA Vnom ^D^SIl*l^^:^S/■ctl^<^:0^3RIBg14=&;ti6^aJ:^SJ±Vout ic^L^T 

m-^. m^lt^y7'y■*t3 6t}■'sn^^ 4rati. ^nij:<fcoTai^mffiVout 

X tii:^mi±Vout A\ fl^^ffifflWJE^^J^lfSiaffiffi A V excess ^T'Sx-Sl^H 
[0 0 5 9] 

i]>hP-^18ti. SjgmffAVexcess =&<£T^/c«P^^-r^/cA6lJ:F/TMm 
EEVdesired ^M^T^o X'T 5^ V^b^Ti U— 

tiwrnvout itmwTc^fzi^^o nmm&i^m'^s ma-sevdesired immz^A 

^mS. Vnon.J;tl;a<^§<fc-5-b'yhl5rn^o a t^Ji^v mMmS V des i r 
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tC. SKDS^ti. ^jg^AVexcess ^^ffiT^-aTx ^tllCcfeoT. ai:^«EVou 

;Un + 1 lc3tfrsmamj£Vdesired[nti] tis ::ica)J;dlJ:ti-^^nTt»<fcL^ : 

[0060] 
[0061] 

s:jit% I load itn^i 4:^^ti^m^ (Ti B^D^ 8 6 ff^) . I max an. 

. A Vnon itmvas. 'J /l?;u a Vswing ttsij 3 0 = «j hx CI ^tm^. 0 

X C2l±3fet]-0. 9375T'^53o 
[0 0 6 2] 

— H . mMWffi V des i red 5" «v ^ 1 0 4 tlS «h . mS^ffiiJit I tot 

siitxy'yzfi 0 6T}*^T*-nSo ittc F;Tsm5it I total ti. mtit^^mz 
fcttsai:^®jEVout ^mstmrnvdesired ic$sj^-r5/h«>tc42'> hirnso —is 

li:. ttS:^mi±Vout A^RlfMmMSBEVdesired lc^Lt^i:<S^-rs<hx -TV-^f-J?^ 

tal = I load "eSSo L6^Lx ffiJEVout A^miiSIEVdeslred <E:M^ntfx Z-l' 

Tt><:feu\ ttfoTx f/TM^«3S I total ti:j55i<7)cJ;-5lca*ns : 
[0 0 6 3] 

[5^6] 
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[0064] 

I adjust itmEmm^^iEr^mmmmx'^&^o 

[0065] 

HI 9 ^#BB LTx aj^i^?lci$!li? ti;5-r^Ta)=l >7=^> ly-^mzio 
^ti&Mt^ts n^m.^ I load ti, 66^6<7)ai^^3iE I out ( i 

[0 0 6 6] 

[iC7] 

[0 0 6 7] 

1 6<Dai:^m5?t I out ( I ) 'Tv-^f^^ 3 4>&3itn^m5iE-r^t> 
I slave ri) t. =i>xv+f3 e^^fcti^cA^essnsmss 

r^t>-5=]>7=^>-9-m3a I cap Ci) ,»:©MIcIIL<. ^^OSSIl: 
[0068] 

[^8] 

I™.(i) = Wi)-Ui) 
[0 0 6 9] 

StoT. JiaJS^-etimM^mSit I total li:^©J:-5lt:a*n^ : 

[0 0 7 0] 

[ii:9] 

[007 1] 

XU-:?'«3it I slave (i) tt. iE5llcttmPT'l±^t^*\ 
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Ji^mSS I estimate ^O^tti: LTjfiiK?tl^T*^5 5o llUXT. U >5^>-»t®3lt 
I cap ( i ) teE»]TH±:fe<. Xl^-yj^ay^y^r-y^tit. ^>^<7^ 3 4*^6 

±<7)Z3>x>-9-lc<fcoTM^5'n^;b\ $/c«Si^;^6nTtd;L\ LA^L— fig 
frc. {ti:^mJEVout ^i«^LTt^n«\ ^3iiti=i>x>-9-3 e^Sfcti^ciA^e 
^tlTL^^ttntf -f-^DHSm^ ±=l>x>+fm3iE l cap Ji:^^T'a*tl 

S : 

[0072] 
[^10] 

[0 0 7 3] 

«o SeoTx ^I^^SiE I load tt— fiSlc:^iC«fcy^^^*ti« : 
[0 0 7 4] 
[^1 1] 

[0 0 7 5] 

El 3 iC/T^fUfiSTti. AVoutfDttWx "T^^D-SVoutW -Vout[n-i] \,t=r-J^ 
;^$|J^aI7'J^J'JXZx6 4^^:J:^J||^TI*•nT^,J:l^3b\ ^nicj^tLTx Iil3Atc5^ 

-rufife-eti. mi±MVout[n] -Vouttn-i] t±-9->:r 'J ^^i^ &<i-x-;u kih]ss6 0' 

[0 0 7 6] 

mmWM I adjust *;i!l^*tlfctti^mi±Vout <»:P/fMmEVdesired ©MtClE 

Jt^jyr^o itoT^ mM^m-^itotai ti:jn:£Dcfcatcttic*ti^ : 
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[0 0 7 7] 
[^12] 

1^ -p,^i^)-^C-.K(y^-V^^.) (12) 
[0 0 78] 

ZLZLT\ K \,imm.m^ \ adjust ^^^^-r s -< - k/ ^ ^^utr-fe^o 

[0 0 7 9] 

— Mikma«5it I total rnk'^n^n^ n > h p-^ i s ^iL^< ocdx u- 

e<r>m:^W-^'mmmiTy^T1tt.t^t.. I total *«0~77'>^y'T'feS 
^6— o(7)Xix-:r*(«7^'5'7^'r:7T'fenifc);<s i total ^T^^^Tts. 

[0080] 

[^2] 
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^ n y ^ -y- 
Mr ^ T ^7 




^ u s/^'t^-|•^;l/N^- 1 \zii^r =?• ^ ztT.v — '/aym. 


1 


7 


14 


14^ > 
21 


21^ > 
28 


28 > 

Itotol 


1 


2 


3 


4 


5 


2 


6 


14 


14^ > 
21 


21^I..t.i> 
28 


28 > 


1 


2 


3 


4 


5 


3 


6 


12 


12 ^ > 
21 


21^ It.t.i> 
28 


28 > 


1 


2 


3 


4 


5 


4 


0>lt.,.i^ 
6 


12 


12 ^ I,ot.i > 
18 


18 ^ Itot,. > 
28 


28 > 


1 


2 


3 


4 


5 


5 


6 


6 > I...., ^ 
12 


12 ^ It.t«, > 
18 


18 ^ lut.i > 
24 


24 > 

Itnt.l 


1 


2 


3 


4 


5 



m.2 



[0 08 1] 

-Mmii^ii-a I total i&^xsT'P7->(-^:^vy-^<nws^^-^iEtL^ii. ms 

mffi I desired ttXT^'V:/! 1 0 T'=&X l^-:?'tCOL^Tff^I*'tlT'£><J:L\ 
. mM«l± I desired mi^T^'J^T^^' J; U I^SS-tL^^W^^ 

I total T'^oTt>J;L\ 
[0 0 8 2] 

— M> msimsfE I desired i^^T^T- -^7.\y-^<ritz.mmn-i£t\.^t.. § 

7'-j77^-f:fX^-:f*5ftn«¥i^^^3iE«^S6<JlCmM^'5S I desired ic^L 

<^t). X'T'^/^^V'^^'U^i'aU-^^Sttn^^S-^tillMWlJ: I total lc^L< 

sm3it<!:-SiU ^nii:<i;oTtli:^«JE^F/TamEVdesired Kz^'^t^o m^J 

>>^X^3 OifcNMOS h'yy-JX^ 3 2ltmz:t-y><Ol^^X^i5>^, 
[0 0 8 3] 
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r^T(07.iy-:^^mmzx>('y^:t->ttci,t^yizT'f^^^t. 2) xu-:/ 

^zt. 3) mnmz—M\^^)\^T^mK^m.i^t^tcistiz^^i^m^^mm.m^iz 

[0 0 8 4] 

^^:S•d^t^TS^x^-:?^<^:LT3llR^ns (X7^-y:/i 20) „ -^j^if. ^•m.x 

[0 0 8 5] 

^OU^)/On^^)\^T:\ ±M5itlupper <i:TRSm-^ I lower ^^t? 2 cxD^'^it 
estimate ^D_hT<Dll»JRB I upper <»: I lower L(r>)iM.\Zm'1i\.-^TVmi£t\.. 
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[0 0 8 6] 

X i^-y(omT PMos.!:NMos mm^momi^miz^if^ 

xu-:?"A^7^^7^'r:?^T^nifx instil so" (DiiLm-ftn^&v. mmmM 
itx-ry^xfrnmrcD^^i^, -r^fc-so) o) = 1/ (2t) ic^uLMi-TT^ 
3-^(D7.\y--:/i3<y<77''fyT&Hits ^neii. 120° (DikmrtiT- 

cfct; 2 / 3 iz:^ LL^^±■rT'a5So -efflA^-rnTL^sx i^-y^mnnE^^ z^tiz 

[0087] 

[^3] 





T ^ 7- ^ ZtT. V — iTcdWL 


1 


2 


3 


4 


5 




0 


0 


0 


0 


0 


(5(1) 




(1/2) T 


(1/3)T 


(1/4) T 


(1/5) T 


f (2) 






(273) T 


(1/2) T 


(2/5) T 










(3/4) T 


<3/5) T 


0(4) 










(4/5) T 



m. 3 



[0 0 8 8] 

±T<Dm»JPg I upper t. I lower 6^X7^'y:r1 2 4 b-::?^lCOL>Tit 

6^:A--r^¥l^m3i!6^mMm3it I desired 

^L<^^o ^ItlCs ±Rg®5Slupper <hTPSm5ft I lower ti^^iO) cfc "5 ICftglttliS 
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[0 0 8 9] 
[^1 3] 

[0090] 

[009 1] 
[jCI 4] 



r Zr L [ J switch 

y ^ J 

[0092] 

z: c T\ f switch \mm.7.^ 'y=F><fmTm.T'^^o mmx>c ^xfrnmut 

Xfm^li. f^q. 5 ~ 5 . 0 M H z a)®HF«g. MtLI^^ 1 M H z tC^^So Rff 
[0 0 9 3] 

— 518l±. X5^'y:n 0 2 ^C^5t^T^i^®2SE I estimate ^ttSrS (Ill|!g7 0 

TS^-T) o ^X-JJZiVKP-^l Sli^fc. 2 2 T±Pfim3iE I upper 

(HSil? 2TvTR-r) tTPMSit I lower (l|l!g7 4T5^-r) *,tt^-r^o 



, . .. 
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MmT}uzsvxL.6 4it. mm7.i^-y<om^m.^\ estimate ^±mm^\up 

per j5j:OTPgm-^ I upper t^LT . ^ ^ tm 2 (D h ^ 3 0 . 3 2^ 

T.-C'y^^y^^r^i^ti^E^ii^m'^t^o niz^ m^m^ i estimate i3<±mm^ i 

upper ^mpL^m-^s NMOS h^Vi>X^3 2 3b^gaCT. PMOSh-7>>>X 
te ti^Tmm^ I lower ^TlHl^li-^. N M O S h ^V^X^ 3 2 ^±ilL^Ts P M 

OS h^>>^:^'$»3 oA^ffli:. ^nlLJ;:^T^m{^^2 6^txtlmE.M^ 2iz^ 

mi^n^o ?*foTv it^a-^ I estimate U-:?':&5Stn^«35t I slave ^ 

iE5i{cat-<»:<S^rS<h. g2iXU-^'m>j5t I slave (^^Jjii7 6 7?^-r) It. 

±Rim3Slupper <i:TPfiS3it Mower (7)F^TSilj!] Ls S^PXU— :?"m3S I slave O 

^mm^t\ mmm.^\des\rei izv&mL<is:^ im^misT-^r) o 

[0094] 

mi AlZ^rX'<^y=^Z/':fly^n.\y-^ l O' ^^:J5L^T. JtEm*5it I estimate 

6^±Pfim'3{E I upper ^mX^m-^. ^X-$?=I>hP-^ 1 8' Ji/0UX4 9b^ 

8lJ:J;oT. PMOS h^>i>'X^ 3 0^11^ (Ell 3 A ICP-IC^^SM^ Y 
>4 4aT5^-r) . NMOS h^>i>X^3 2^fflL:5^<»:LT^J|R5-ti;5, 

— :^*tmm5ffi I estimate jB^TRSm'^S I lower ^TEoT^Tf-Sli^x ^X^H 
VhP-^lix NMOS h^>v^X^3 2^FjI*PMOS 3 O^II 

i;*-y:SM^'f>4 4alz:/^;UX4 9 a^ai^f « (^1 3 AlJ:/\-riz:^;s$!| 

[0 0 9 5] 

I upper i:TPfi«5it I lower S^iX U—Z^^eSSnS^l^m^^ii*!:?! 

mz—^r^zLii^mn\,z-t^^o7.-(^:/^y<fm^2 ^(oMmzm^^^ti^o 

m^\>t. nmmilWt^t. I desired liigiPU $IJPfimp I upper <!: Ilower 
iifin-rSo —^5. nMly^W^r^t. I desired ttJIg'^U ««JI®ffi3it l upper t\ 
lower 3b^M'>-r^= ftP^Ts :&1^A^IIM6<JtC— ±Pfim*3it I upper t 

TRgm-^iiower r^a)y\^> KiisA I oli, X'r->5^v-$^'i2iss2 4<7)x-r«>5">'$^'"ii 
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[0096] 

m^(o^mT)i^::S'jxui)\ mmm^tmu^y-\i^^ h^m0S.T^rci5b<D$m 

[0097] 

#^SPXU-:/<7)Jt^ffi5it I estimate 6^ (S^;^ U-:?^<D/i:«><D^ 1 2 

Tmm^m^ u r st>-5 p m o s h >v^x^ 3 0 t'^mt^n. n m o s k ^ > 

h^^^-^^tj^tt)<-ci^^o i<im^y-^y ^^^^-it. ^mmxi^-^ 
(DPMosmmvmom^nzmi^^ti^o <^iz^ mmx\^-yti<t(oPMosm 
mvm^mtthr^m. ^^^-itmttht^n^. ^<7n^y^v-c<7)\^T\ ^^-c^- 

-■7\.tp^osmmkm^miA\^. r^to-s. nmos k^vv^^-j^b 2*^05*^ 
PMos h^vvx^ 3 otf^&iuen^o ^^^oT. 'tuffl:i-74z«y (i) 

I*. N MO S«3@tl^^a)r»lftfetcfctt^S2pX^-^<!:^^»PXU-3?T^(^3l5i^ 

)*^-r^o ^,-6^^. ^§l©ttiifi*^tts ^^S2pXU-^WPI®3fEI lower 

iHloTP^Tf SB$l::^§l*tl^ P M O S^ii^^*!:. SipX U'-:^ A^^O N M O 
[0 0 9 8] 

01 6<!:lill 7:&#Be-r^i:. 7=^5>"^;U$iJffli7'yU=r'JXZx6 4a)m2^Dll^^sT■ 
^±. ±T£om»jpg I upper ( i ) ,!i I lower ( i ) Kt. ^^mmxi^-ycotcisb 
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desired tJi^ L < 3 tJijltR* tiSo =&X U-Z^^tig 6<Dm»JR8^^o<35 
T\ =&XU-ycDyS:>Ki|iiA I iti^a)XU-:?^(DX'f 'y5^>'^fJll;^il^;S:^|J^alf 
[0099] 
[^1 5] 



[0 10 0] 

^f^tcmz^ x5>^^y^$!J^llI7';^zruXA6 4^i. 2^a)xu-:?'<7)NMosi5 

[0101] 



[0 10 2] 

C C T\ K 1 K 2 tt7 -f - K/ ^^M^lli. A I o l±iC 1 3 Ttf-^^tiSmM 

^mrQlh^. ±mm=^ l upper ( i ) ^tTPSm-^ l lower ( i ) li. 

[0 10 3] 




[iCl 6] 



Ali = AIo+K,[<l>(i)-TNl +K,[«l»(i>Tp] 



(16) 
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[^1 7] 

Wi) = h^{}) + ViAIi lu^O) = '/'Ali (17) 

[0 10 4] 

±mmm I upper ( I ) tTm'^^ \ lower ( i ) ^^L^T. ^¥mmxiy-y<o 

timate ( i ) ««±|®m3!E I upper ( i ) ^^TL^li^. P M O S K^Vv^'T.^ 3 
Olil|#. NMOS h^Vv-^X-^^ 3 2lifflL:^o — *i^l|5St I estimate (i 

) A^TRgmsti I lower ( i ) ^Tm^m-^. nmos b^>-jx^ sutm^. 

P M O S h ^ > V^X^ 3 0 Itm C^o ^©SiSm. Ji^ffiSiE I estimate ( i ) A^IE 
5ilJ:;;^U-:/m5Slslave ( i ) ^a-ri:-rtlldf. l slave (i) 

V ±11 I upper ( i ) tTm I lower ( i ) (DmX'Wmt^o tUfoTx XL^-^^ 
^tl^^^mm^it I desired ( i ) lC«JSlFL<s X-T ^^X^U^^a 

[0 10 5] 

46<Djt:^ffijJ?t I estinate ( i ) ^Zl-X hffiSiS I ghost {\) t^t^ZLtK 

[0 10 6] 

XhPMOS^ii«^a)F^x dr-XhmSSlghost (i) (EI2 2a)||j|g8 4T 
/iRf) 3a«-5'P'y'j7-lt-r'j7;l/SlC—SfiJiB(D±^fii A I up-ghost »f£ttlgftP*tls 
^LT=r-X hNMOS^ilOP^s if-X hS'^it I ghost (i) A^-^? □ >> >7+t< 

3St I ghost ( I ) 3b^±RSm5it I upper ^mx^^^. df-X K ®5Stli±l©m*3it I up 
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per ic^L< -b«y h^-nso mmiis =r-x \ ghost ( \ ) t^Tmw^ i lo 

wer ^Tia^it-^s zr-7. hm3Sli±l®m'3St I lower lc^L<-tr«y h^-ti^o 
[0 10 7] 

(D (i) T'dr-XhPMOSSiji^^SllCX-l'u/^V'i^-r^o zj-xm* 

ho (i) T:^-7.^HMosmm^miz7s-cy^><fr^o 

[0 10 8] 

mW.^ I estimate ( i ) (El 2 3 (0^^ 8 6 T^^f) ^^S2pX ly-ZTCDtcisb 
a)dr-7. hmaS I ghost (i) (EI2 3F«gic5^x*nfci»$i8 4) ihlt^-rscii: 

6^ N M o s ^iit^^ic^ y . ^ Lzmmm^ \ estimate ( i ) is<is-x \-m^ I 
ghost (i) :^m^^m^. xiy-yuhiM0 5mimxmiz:^-C'y^><^-t^. 

mi^^v. ^LTm^mm \ esumu c \ y 6>=r-x h^ss i ghost ( i ) 

-wm^ssfE^x-f -y^^v^r^ii^. I^-xhB^^:^^j)!Ju. 2o<Dm^^« 
^(Dmrn^n-Do £:tDj:5ti:v =J-x hm-^^5a]^<i:<iiiei;-r^/c 

mmX\^-y'it. m-^n^ \ esUmte (\) t\ m^^ty-izy h l over ICcfcoT 

d-x hmsii I ghost ( i ) ^B?LtiitNMosmm^micx-cy^>^r^o 

I estimate ( i ) 3b\ W.mt^y-{iy h I under lJ:<fcoT:J— X I ghost ( i 

[0 10 9] 
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132 4^l^LEl2 7^#HS-r;5<!:, mAOmMVlts "r-J^immTJU^UX 

gLs S2pXU-^^«»:#^S2iXU-7>^i:*,lC. Ji^WJjS I estimate ( I ) 

-X hmsit I ghost (i) tkm.T^ilt^zJ:^Jmm^n^. 

[0 110] 

Oy<7m^9 O^^^T^o v'n.-y'^V-f^Mt. V in <i: Vnom CDiiMtcS 

mam^nfmr^o niz^ <7ny<7m^\,i. F/rafSffi^^-^-b-^ hphi (i) 

:?^^^:Ka^^t^t en^-^ □ <7m^ 9 o A^p-<Dii-&. d-x h n m o s^iii^al 
. m20U-Xhmi^>X-r'y^>-i^^^«aa>1/3mT\ ^LTHlWdf-Xhrn 

<Dx-< ^i^^xfmmo 2/3 mzx-f y'f->^r^o stix u- w p m o s ^ 

g|2 5<i:ll2 6lc§t,<fe<,Tx*ti«ci:3lJ:, iJ-Xh^3fE«x *t,3&ttnt#. 

nn^tl^o f^tJ-fes =J-X h P MO S^iit^^fDF^. d-X hmSit l ghost 

( i ) (^2 6 tcHSIg 9 2 TTjkt) It. ^<7ay<7 tf-^ <7 )\^l:—M^m(0±mM 
A I up-ghost me^frntU-^tl. df-X h N M O S«j1*^8I<0^. df-X H^-5fE I 

ghost ( i ) ti. S-i^Py^ -It-r^^U-^^^^OiEtDTI^fi A I down-ghost ^J-fctt 

ji'>l*-nSo L6^U d-X hmSS I ghost (i) 3b>±Bgm*5iE I upper :&S^:5li 

d-XhS»±Rgm5lt I upper lJ:^L<-b'y h*n^, (H^mji, d-X h 
■ffiSft I ghost ( i ) ti^TPgmiJit I lower ^TlEl^Jt^. d-X hajJi=ai±RBm5ft I 
lower lc^L<-b'> hi'^a^o 
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[0111] 

$^mm7. \y—:^i,Z'Dl^TO^—X h®5fE I ghost ( i ) (j^.^'T > 9 2 T^^f) 

Zf-XhA^NMOS^atJ^HlCSy. ^LTli^mSS I estimate (i) ft^ 

iJ-X hmSlE I ghost (i) ^mPL^m-^. XU-3^ttNMOS^jitt^lCX< 

P M O S»S4^^li:S ^ LTJi^mSft I estimate ( i ) *^=J-X hS^S I gh 

[0 112] 

mPLT. ^mm7.ly-yU. it^m-SS l estimate (i) *l^±PgS-^ I upper ^ 
timate (i) jb^TPSmSS I lower ^TIsl^H-^. P M O S^Mt^^lCX-T 
^^iB<7)±#fiiA I up-ghost <!:— ^^OiHOJT^fiiA I down-ghost 1*^ fiSffiSSO 

/ctt©— ^^iB©±^fiiA I up 33cfct5— ^^IB^DT^A I down ^mz. m^it 
3^2 0~2 AXe^JlC-t'y h^nTt»d;l\ aoSlHi. dT-XhS'^ 

lt^isbWLM-^tLtci^<-ot''(D^—~yyizj:-oZ. ±Ta)S»M I upper I low 

[E1 1 ] 

[Ell A] 
[E12] 
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[HIS] 

[09] 
[010] 

[011] 

[012] 
[01 3] 



(57) 



1^^2002-530036 



m^ 3 A] 

[Ell 4] 

[Ell 5] 

S^I-av^EIT'fe^o 
[EI1 6] 

[mi?] 

El 1 6(D:^yit^^^i:^mmx[y-yt$mmxiy--:r^'^n^mm^m^^r 

S^-rSV-J^EIT'feSo 
[EI1 8] 

[Ell 9] 

[E12 0] 
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